Aquatic insects play important role in ecosystem functioning viz. nutrient cycling, primary production, decomposition and material translocation. The functional feeding group (FFG) approach is an attempt to classify organisms, especially insects, according to their role in the processing of organic matter. An investigation during 2011−2013 was carried out on aquatic insects in different stretches of a stream of Chakrashila Wildlife Sanctuary located in western Assam, North East India which is designated as Key Biodiversity Area (KBA) by IUCN. Physico-chemical properties of water of the stream like water temperature, dissolved oxygen, free-carbondioxide, pH, total alkalinity, electrical conductivity, phosphate and nitrate were estimated to correlate the aquatic insects of specific functional feeding groups with water quality. A total of seventeen species was recorded during the study period. Record of nine species in first year and fourteen species in second year under different functional feeding groups (FFG) showed altitudinal variation. Highest percentage of predators was found in upstream. Collectors were recorded in upstream and downstream and shredders were recorded in midstream. 
RÉSUMÉ

INTRODUCTION
Aquatic macroinvertebrates are important components in the ecological dynamics of lotic environments. They play significant role in energy fluxes, nutrient cycling and widely used in biomonitoring (Wallace and Webster, 1996; Sandin and Hering, 2004 ). The term "functional feeding group" was first used by Cummins (1974) , who stated that it is necessary to identify functional groups of organisms, at least partially independent of taxonomic determinations, in order to address important process-oriented ecosystem questions. Functional-group analyses were developed initially for small streams (Cummins, 1973 (Cummins, , 1974 and as key components of the river continuum concept (RCC) (Vannote et al., 1980) . The functional feeding groups reflect the four most important food resources found in streams: periphyton, coarse particulate organic matter, fine particulate organic matter, and animal prey. Shredders feed on coarse particulate organic matter, collectors feed on fine particulate organic matter either from the water column or the streambed, scrapers ingest periphyton, and predators consume prey (Cummins and Klug, 1979; Merritt and Cummins, 1996) . Again there are some groups of insects which function as both predator and scavenger (pre-Scavenger), i.e. feeds on live or dead zooplankton and also consume prey (Spence and Anderson, 1994) . According to Allan and Castillo (2007) distribution of functional feeding groups are determined by mechanisms of food acquisition and changes in food availability which indeed is influenced by stream size, shading and substrate. Considering the importance of the functional feeding group approach in biomonitoring and conservation, the assessment of the functional organization of macroinvertebrate community turns out to be essential (Príncipe et al., 2010) . Besides, it provides basic knowledge for the identification of policies and proposal for conservation and maintenance use of natural resources of a given area (Oliveira and Nessimian, 2010) . Chakrashila Wildlife Sanctuary, Assam through which Bhalukjhora stream flows is the second home of Golden Langur (Trachypithecus geei) located in the biodiversity hotspot Himalaya. Since aquatic insects are used worldwide for biomonitoring of water quality and there is lack of information about the functional feeding groups in the streams of North Eastern India, this study aims to describe the composition and spatial distribution of aquatic insect communities in different stretches of Bhalukjhora stream of the protected area and analyze the functional feeding trophic structure of the community. 
MATERIALS AND METHODS
> STUDY AREA
> SAMPLING
Samples were collected seasonally during 2011−2013 from three different stretches of the stream: upstream (US), midstream (MS) and downstream (DS) ( Table I) in three replicates. Insects were collected by "all out search" method, a nylon pond net method (Subramanian and Sivaramakrishnan, 2007) and 1 min kick method (Brittain, 1974) using hand net (mesh size 40 µm), a circular net (mesh size 60 µm) and kick-net (mesh opening: 180 µm; net area 1 m 2 ), respectively. Samples were fixed and preserved in 70% alcohol, sorted and identified under stereoscopic microscopes (Motic, Model-SMZ-168). Identification of organisms was performed to the lowest taxonomic level possible with the aid of taxonomic keys (Thirumalai, 1999; Webb and Suter, 2001; Thirumalai, 2002; Jessup et al., 2003; Bouchard, 2004; Nieser, 2004; Miller, 2005; Braasch, 2006; Epler, 2006; Bouchard, 2009; . Functional feeding groups of aquatic insects were identified based on Merritt and Cummins (1996) , Merritt et al. (2005) and Baptista et al. (2006 (Trimmer, 1994; APHA, 2005) .
> DATA ANALYSIS
Species diversity was calculated using the Shannon-Wiener index (H ), Evenness index (J ), Berger-parker index of Dominance (d) and Margaleff's index of water quality (M) using the package Biodiversity Professional Version 2 for Windows 1997. SIGNAL (Stream Invertebrate Grade Number-Average Level), a family-level water pollution index based on the known tolerances of aquatic macro-invertebrate families to various pollutants was worked out by the 37p3 B. Barman and S. Gupta: Knowl. Manag. Aquat. Ecosyst. (2015) 416, 37 standard method (Chessman, 1995) . BMWP (Biological Monitoring Working Party) and ASPT (Average Score Per Taxon) scores were computed (Armitage et al., 1983; Hawkes, 1998) . Statistical analyses were done by SPSS 16 for Windows 7. Canonical Correspondence analysis (CCA) was done using CANOCO for windows 4.5 (Ter Braak, 1986 , 1987 , 1988 .
RESULTS
> ENVIRONMENTAL VARIABLES
The annual variations in environmental factors along the different stretches of the stream for two years are shown in Table II . The flow rate of the stream was found highest in midstream in both the years, higher in first year (531.6 m 3 ·S −1 ) than that of second year (282.55 m 3 ·S −1 ). Rainfall was 39.98 cm in the second year while 28.09 cm in the first year. The DO showed very narrow range of fluctuation, (7.11−7.87 mg·L −1 ) in first year and it was comparatively higher in second year (10.7−12.4 mg·L −1 ). pH was found slightly acidic (6.39−6.44 and 6.46−6.56 in first and second year, respectively). In the first year phosphate concentration was recorded highest (0.18 mg·L −1 ) in midstream and in the second year it was found highest (0.37 mg·L 
> SPATIAL DISTRIBUTION AND AQUATIC INSECT COMPOSITION
A total of 17 species belonging to 17 genera, 11 families and 5 orders were recorded in the two years of study. In the first year 9 aquatic insect species belonging to 2 orders, Ephemeroptera (1 family) and Hemiptera (5 families) were recorded. In the second year of study, 14 aquatic insect species belonging to 5 orders; Trichoptera, Ephemeroptera, Diptera, each represented by one family, and Coleoptera , Hemiptera, each represented by three families were recorded.
During the study period distribution of taxa across stretches showed occurrence of Ranatra varipes and Aphelocheirus sp. only in US; Ovatametra sp., Bagous sp., and Polycentropus sp. only in MS, and Cercotmetus brevipes brevipes, Rhagodotarsus sp., Nothodixa sp. and Mesovelia vittigera only in DS. Ptilomera assamensis, Metrocoris sp., Rhagovelia sumatrensis were found in all the stretches in both the years (Table III) .
Metrocoris sp., Rhagovelia sumatrensis, Ptilomera assamensis were the dominant species in the stream in both the years. According to Engelmann's scale of Dominance (1978) Metrocoris sp. was found eudominant in upstream; Rhagovelia sumatrensis was found eudominant in both mid and downstream in both the years (Table III) . In the first year in MS along with Rhagovelia sumatrensis; Metrocoris sp. was also found eudominant (Table III) .
In the first year among all the stretches although highest species richness (7 taxa out of 9 taxa) was recorded in US, it showed lowest Shannon H (H = 0.459) and Evenness (J = 0.543) and highest Berger parker index of dominance (d = 0.58). In contrast in MS, the species richness was found lowest (4 taxa) accompanied by highest Shannon H (H = 0.519), highest Evenness (J = 0.742) and lowest Berger parker index of dominance (d = 0.36). In the second year highest Evenness was found in US (J = 0.664) while highest Shannon H (0.552) with lowest Berger parker index of dominance (d = 0.402) was recorded in DS (Table IV) BMWP score: 0-16 = Poor water quality; 17-50 = Moderate water quality; 51-100 = Good water quality; 101-150 = High water quality; 151 + = Very high water quality (Chesters, 1980) ASPT score: >6= Clean water (Chesters, 1980 Party (BMWP) score among the different stretches of the stream was found in US (34) in the first year and MS (32) in the second year. However the Average Score per Taxon (ASPT) scores were found more than 6 in all the stretches in both the years except in DS (5.8) in second year (Table IV) . The ranges of SIGNAL score were 3.05−3.36 and 4.25−4.39 in first and second year, respectively.
> FUNCTIONAL FEEDING GROUPS
In all the stretches predator was the main functional feeding group (68%), followed by prescavenger (31.28%), and collector (0.67%) in the first year whereas in the second year, percentage composition of predator (55%) although highest was very close to pre-scavenger (45%) followed by collector (0.4%) and shredders (0.14%) (Figures 2a and 2b) . The percentage compositions of predator, collector and pre-scavenger in first year in US were 81.28%, 0.46%, and 18.26%, respectively; in MS were 63.28%, 1.13%, and 35.59%, respectively and in DS were 58.05%, 0.49% and 41.46% respectively. Again in the second year the percentage compositions of predator, collector, pre-scavenger and shredders in US were 68%, 0.52%, 0.165 0.000 0.000 1.00 1.00 0.00 1.00 1.00 correlations 31.4% and 0% respectively; in MS were 47%, 0%, 53% and 0.36% respectively and in DS were 59%, 0.98%, 40% and 0% respectively (Figure 3) . The association of aquatic insect species with environmental variables in different stretches as revealed by CCA is shown in Table V . The eigenvalues 0.003, 0.12 and 0.081 for the axis 1, axis 2 and axis 3 explained 1.6%, 60.4% and 100% of variance respectively and the speciesenvironment correlations of CCA axis 1 were found to be 0.165 in first year. In second year, the eigenvalues 0.17 and 0.065 for the axis 1 and axis 2 explained 72.4% and 100% of variance respectively and the species-environment correlations of CCA axis 1 were found to be 1. In the present study the total eigenvalues were 0.205 in first year and 0.235 in second year, respectively. The CCA ordination diagram showed association of different insect species with the environmental variables in the three different stretches (Figures 4a and 4b) . The CCA ordination diagram clearly separated the stretches on the basis of the aquatic insect community composition. The direction and length of each arrow indicated the direction and rate of maximum change in each variable. All the environmental variables were found to be more or less associated with different insect species along the altitudinal gradients in both the years. In the first year pH and F-CO 2 was found to be strongly associated with axis 1 while RF and TA with axis 2. In the second year axis 1 was strongly associated with phosphate and WT and axis 2 only with EC. In US in the first year, the three species Rheumatogonous sp., Aphelocheirus sp. and Ranatra varipes of order Hemiptera were found inversely associated with most of the 
Figure 4 (a, b) Triplot of a Canonical Correspondence Analysis (CCA) showing associations between different species of aquatic insects (triangles ) and environmental variables from the three stretches (Circle O) in first (a) and second (b) year of study. Relationships between variables or similarity of samples are indicated by close clusters of points.
measured variables while in the second year recorded species Halochares sp., Enochrus sp., Microvelia plumbea belonging to Coleoptera and Hemiptera showed positive correlation with pH and phosphate (Figures 4a and 4b ). Positive associations of Offadens sp. and Ovatametra sp. with phosphate and RF in mid-stream in the first year and positive association of Offadens sp. with nitrate in the second year in DS were found.
> FUNCTIONAL FEEDING GROUP AND ENVIRONMENTAL VARIABLES
The association of functional feeding groups with environmental variables in different stretches for two years of study as revealed by CCA is shown in Table V . The eigenvalues 0.046 and 0.016 for the axis 1 and axis 2 explained 74.2% and 100% of variance respectively and the species-environment correlations of CCA axis 1 were found to be 1. In the present study the correspondence was measured among the functional feeding group, stretches and environmental variables, thus the total eigenvalue 0.062 indicated a low degree of correspondences between FFG and stretches. The CCA ordination diagram showed associations of different functional feeding groups with the environmental variables in the three different stretches ( Figure 5 ). In the CCA ordination diagram predator group of both the years were found positively associated with pH. Pre-scavenger group of first year was found positively associated with WT and nitrate while Pre-scavenger group of second year was negatively associated with FR. The collector in US, DS of first year and shredders in the MS of second year were positively associated with phosphate.
DISCUSSION
The range of DO of the Bhalukjhora stream water was found within the normal range of DO (5 to13 mg·L −1 ) in the stream water (EPA, 2010) and considered very good for most stream biotas (Sharon, 1997) . The pH range from 6.5 to 8.5 is permissible as per BIS (2004) and WHO (2011) . Although pH usually has no direct impact on consumers it is one of the most important operational water quality parameters. Popoola and Otalekor (2011) recorded pH range of 6.0-7.0 in Awba reservoir, Nigeria. High phosphate concentration in the stream water ranging from 0.18 mg·L −1 to 0.37 mg·L −1 is remarkable. High concentration of phosphate (0.652 mg·L −1 ) was also recorded in the Yamuna River, Doon valley, Uttarakhand, India (Ishaq and Khan, 2013) . The high concentration phosphate in upstream during second year is may be due to forest management practices. Forest operations such as drainage, harvesting and reforestation result in increased P release (Ensign and Mallin, 2001; Cummins and Farrell, 2003) , and may results increase of P concentration of receiving water bodies (Nisbet, 2001; Cummins and Farrell, 2003) . Other important sources of phosphorus to freshwater are atmospheric precipitation, geochemical condition and ground water. In the present study the highest nitrate concentration was found (0.61 mg·L −1 ) at downstream during both the years. In natural aerobic water, most nitrogen occurs as nitrates in varying amount depending upon the nature of water shed, seasons, degree of pollution and the abundance of plankton (Maitland, 1978) . In the Point Calimere Wildlife Sanctuary, South-east coasts of India nitrate values varied from 0.11 to 0.90 mg·L −1 (Manikannan et al., 2011) . In the present study the most of the species were found to belong to the family Gerridae, order Hemiptera. According to Lekprayoon (2007) in terms of abundance and species diversity from lotic habitats, Gerridae is the commonest. The highest relative abundance of species belonging to Gerridae and Veliidae might be because they belong to the infraorder Geeromorpha, skate on the surface of the water bodies with relatively low interaction with water (Bouchard, 2004) . In the present study during both the years the genus Metrocoris was found abundant and eudominant in up and midstream and was not found eudominant in pools of downstream. This conformed to the findings of Subramanian and Sivaramakrishnan (2005) in the streams of Western Ghats. In the present study the highest Shannon H was found in midstream (0.519, 1st year) and in downstream (0.552, 2nd year). In the headwater streams of northeastern Ohio highest species richness and Shannon H was also recorded in downstream (Holmes et al., 2011) . In all the stretches in both the years Shannon H was found less than 1 indicating disturbed condition of the stream (Wilhm and Dorris, 1968) . Intrinsic habitat parameters (cascades, pools, riffles and microhabitat richness) and extrinsic factors (environmental variables, altitude, per cent canopy cover) play a role in determining the diversity of aquatic insects (Subramanian and Sivaramakrishnan, 2005; Boulton et al., 2008; Heino, 2009) . Margaleff index was more than 3 in both the years indicating good water quality (Lenat et al., 1980) . The highest Biological Monitoring Working Party (BMWP) score among the different stretches of streams indicated moderate water quality in both the years (Chesters, 1980) . The ASPT represents the average tolerance score of all taxa within the community, and is calculated by dividing the BMWP by the number of families. A high ASPT usually characterizes clean sites with relatively large numbers of high scoring taxa (Mandaville, 2002) . In the present study the scores being more than 6 in all the stretches except in DS during second year indicated clean condition of the stream. The ranges of SIGNAL score during both the years being 4 to 5 indicated moderate water quality of the system (Gooderham and Tsyrlin, 2002 ).
Among the different functional feeding groups predator percentage was higher than that of other groups in all the stretches except one occasion. Similarly in the River Moirang of Manipur, N.E. India the relative abundance of order Hemiptera (mostly predators and prescavengers) was found highest throughout the year (Takhelmayum et al., 2013) . The predator group of the stream was mainly represented by aquatic and semi aquatic Hemipterans, swim with oar-like hind legs or can walk on water by surface tension, usually breathe by the means of an air store, and have prominent eyes and are found in all the possible aquatic environments including alpine lakes, hot springs, saline ponds, temporary rock pools, perennial and intermittent streams, and temporary and permanent ponds (Menke, 1979; Polhemus, 1984) . The relatively larger size of some aquatic Heteroptera (Belostomatidae, Nepidae, Notonectidae) often makes these insects top predators in systems lacking vertebrates (Waters, 1977; Runck and Blinn, 1990) . In the present study the predator Hemipteran families included Gerridae, Veliidae, Aphelocheiridae and Nepidae. Thus predominance of predators along the whole altitudinal gradients of the stream was may be due to availability of food and less competition because these taxa are more abundant in small intermittent streams where fishes are absent (Rieradevall et al., 1999) . Although there was no systematic study on the abundance of fishes in the streams of Chakrashila, according to the inhabitants insectivorous fishes are less in the stream. Some studies conducted in many streams of North-east India revealed mostly occurrence of herbivorous fishes like Schizothorax molesworthi, S. progastus, Ctenopharyngodon idella and a few carnivorous fishes like Salmotruta fario, Mystus bleekeri, Ompok pabda (Gurung et al., 2013) . The lowest percentage of the functional feeding group shredders conformed to the findings of several studies in tropics (Dudgeon, 1999; Freitag, 2004) . In temperate streams leaf litter breakdown is facilitated by shredders where as in tropical streams the role may be played by microbial activity, enhanced by high water temperatures. Thus shredders are often rare in tropical stream (Irons et al., 1994; Dudgeon and Wu, 1999) .
Canonical Correspondence analysis is a multivariate method to calculate the relationships between biological assemblages of species and their environment (Ter Braak and Verdonschot, 1995) . CCA reveals association between aquatic insect species and environmental variables at different sites. Eigenvalues associated with each axis equal the correlation coefficient between species scores and site scores (Gauch, 1982) . Thus an Eigen value close to 1 will represent a high degree of correspondence between species and sites, and an Eigen value close to zero will indicate very little correspondence (Palmer, 1993) . In the present study total eigenvalue 0.205 in first year and 0.235 in second year indicated a medium to low degree of correspondences between species and stretches.
Environmental variables with long arrows are more strongly correlated with the ordination axes than those with short arrows (Ter Braak, 1987) . In the first year the axis 1 was found to be strongly associated with pH and F-CO 2 but these two variables were found to be inversely associated with each other. In the second year axis 1 was strongly associated with phosphate and WT, again which were inversely associated with each other. In US in the first year, the three species Rheumatogonous sp., Aphelocheirus sp. and Ranatra varipes of order Hemiptera with their specialized air breathing organ (e.g., siphon in Ranatra, plastron in Aphelocheirus, Notonectidae, Mesoveliidae etc.) were found inversely correlated with all the measured variables.
Positive associations of Offadens sp. and Ovatametra sp. with phosphate and RF in midstream in the first year and positive correlation of Offadens sp. with nitrate in the second year in DS confirmed their capability to withstand high nutrient in water. The family Baetidae to which Offadens sp. belong is known for their occurrence in moderate polluted water (Alba-Tercedor et al., 1991) . In the stream water phosphate concentration was found high ranging from 0.08 to 0.37 mg·L −1 . According to Sharon (1997) concentrations over 0.05 mg·L −1 will likely have an impact while concentrations greater than 0.1 mg·L −1 will certainly have impact on a river. In second year a group of species were found to be positively correlated with nitrate in DS. Concentration of nitrate also showed significant positive relationship with insect species richness in a lake, Phulbari anua of Cachar district, Assam (Gupta and Narzary, 2013) . Ishaq and Khan (2013) also found positive correlation of concentration of nitrate and phosphate with density of Hemiptera which are mostly predators. Although flow is a major determinant of physical habitat in streams and is a major determinant of biotic composition (Bunn and Arthington, 2002) , in the present study association of insect species with flow rate was not recorded. In both the years DO was also not found to be associated with any species although DO content of the system was good. The three species (Ptilomera assamensis, Metrocoris sp., Rhagovelia sumatrensis) found in all the stretches were placed in centroid indicated their dependence more or less equal on all the environmental variables (Ter Braak, 1983) . Metrocoris sp. showed strong positive relationship with pH and phosphate in the first and second year respectively while Ptilomera assamensis was strongly associated with F-CO 2 in first year, and with RF and TA in the second year. FFGs of benthic macroinvertebrates is a potential effective tool for the assessment of the ecological integrity of streams and rivers (Lakly and McArthur, 2000) . They provide a clear understanding of the influence of changing environmental conditions along vertical and latitudinal gradients (Pearson, 2001; Rosenberg, 2001) . In the present study the correspondences between FFGs and stretches was also found low, i.e., eigenvalue < 1. In the CCA ordination diagram predator group of both the years were found positively associated with pH. Norazliza et al. (2014) also found significant positive correlation of species of Gerridae (mainly predatory in nature) with pH of water. A similar situation was also observed by Fox and Cham (1994) in their study of fast and slow flowing streams of the national botanical garden in Africa where species of Anisoptera, order Odonata had a significant positive correlation with pH of water. The collector in US, DS of first year and shredders in the MS of second year were positively correlated with phosphate. Their dominance in those stretches might be due to increased periphyton growth caused by nutrient availability and enhanced light (Gullan and Cranston, 2010) as the biofilm of periphyton is an important food source for shredders (Battin et al., 2003) .
CONCLUSIONS
This study found that the aquatic insect community assemblage of the Bhalukjhora stream is governed by all the environmental variables and the major functional feeding group of the stream is predator across the stretches. The stream lacks sensitive species and there is preponderance of tolerant species who thrive well in moderately polluted water. Biomonitoring scores, like BMWP and SIGNAL also indicated moderate quality of water of the system although according to ASPT quality of water is good. Thus the present study reflects a moderate impact of the anthropogenic activity around the sanctuary in the stream water.
